We investigated the molecular arrangement and surface morphology of organized molecular films of the 3-arm comb polymer containing metal ion using surface pressure-area (π-A) isotherm, inductively-coupled plasma mass spectrometry (ICP-MS), in-plane and out-of plane X-ray diffraction (XRD), and atomic force microscopy (AFM). From the result of WAXD measurement of the corresponding monomer in bulk, the long hydrocarbon chains are packed hexagonally in solid-state. Compared with their monolayer on the distilled water as subphase, that of this compound on buffer solution containing Cd 2+ ion is remarkably expanded at 15 C. It is found that highly ordered layer structures and two-dimensional lattices are constructed in the organized molecular films of Cd-bridged comb polymer using in-plane and out-of plane XRD. Further, surface morphology of the LB films fabricated from the monolayers on buffer solution including Cd 2+ formed flat and smooth domains by metal-scavenging.
INTRODUCTION
Organized molecular films 1 can be developed as candidates for biomimetic models 2 and molecular electronic devices, 3, 4 which are of considerable interest in the fundamental sciences as well as for their potential applications. 5 In addition to lipids and proteins with hydrocarbons, various amphiphiles with functional groups such as π-or d-electron systems and polymerizable groups have been synthesized to obtain their monolayer assemblies with well-defined molecular arrangements. 6 Metal ions play an important role in the organization of biological and supramolecular systems. 7, 8 One of the typical examples is the effect of metal ions on the properties of Langmuir and Langmuir-Blodgett (LB) films. 9 Such an effect can be dated to the pioneer work of Katherine Blodgett from 1935, where metal ions were found to be effective in fabricating well-defined LB films. 10 Currently, metal ions are widely used to modulate the surface properties of interfacial films. Generally, two kinds of effects of metal ions can be considered. One is to utilize metal ions to stabilize the monolayers and fabricate well-defined LB films. The other is to utilize metal ions to functionalize interfacial films. For the latter case, a series of functional organic ligands were designed and their metal ion regulated properties were investigated.
11-16
Sulfur-containing polymers are applied for optic, 17, 18 metal-scavening, 19, 20 and adhesive 21, 22 materials owing to the high atomic refractivity, the metal complexing ability, and the high reactivity.
In the present study, new three-arm amphiphilic compound with metal-scavenging property (1,3,5-tris[2-N-octadecylamidothiocarboxi-3-propa nemercapto]-1,3,5-triazine-2,4,6-trion, abbrev. 3C18-PMTT, Figure 1 ) were synthesized. The solid-state structures, that is, surface morphology, of organized molecular films of these polymers were investigated by performing surface pressure-area (π-A) isotherm, in-plane and out-of plane X-ray diffraction (XRD), and atomic force microscopy (AFM) measurements.
EXPERIMENTAL

Materials 2.1.1 Synthesis of 3C18-PMTT
Carbon disulfide was added dropwise to a solution of trifunctional epoxide and LiBr in acetonitrile at room temperature. The solution was stirred at room temperature for 24 h. The resulting suspension was filtered and the residual solid was washed with chloroform. The obtained yellow powder was dried in vacuo to give trifunctional five-membered cyclic carbonate. It was reacted with octadecylamine to obtain the corresponding 3C18-PMTT. The packing modes of 3C18-PMTT in the crystalline phase were examined using wide-angle X-ray diffraction (WAXD) instrument (Rigaku, R-axis Rapid, CuKα radiation, 40 kV, 200 mA) which was equipped with a graphite monochromator. The layer structures of the comb copolymers were characterized using small-angle X-ray scattering (SAXS) instrument (Rigaku, Nano-viewer, CuKα radiation, 40 kV, 30 mA).
Formation of monolayers on water surface and observation of molecular arrangement in the films.
Monolayers of 3C18-PMTT were formed by spreading a chloroform solution (ca. 1.0  10 -4 M) onto a distilled water (18.2 Mcm) surface or buffer solution containing Cd 2+ ions. After the evaporation of chloroform for 5 min, the surface pressure-area (π-A) isotherms were recorded at a compression speed of 0.08 mm sec -1 . The air-water interface was kept at a constant temperature of 15 °C by circulating thermostated water around the trough. The measurements of the monolayer properties and Langmuir-Blodgett film transfer were carried out using a USI-3-22 Teflon-coated LB trough (USI Instruments). Hydrophobic side-chains on the outermost surface of Z-type LB films transferred onto solid substrates were exposed to air.
Molecular arrangement in the films.
The surface morphologies of the transferred films were observed using a scanning probe microscope (Seiko Instrument, SPA300 with SPI-3800 probe station) and microfabricated rectangular Si cantilevers with integrated pyramidal tips by applying a constant force of 1.4 Nm -1 . The large spacing between the layer structures of the films transferred onto the glass substrates were measured using an out-of plane X-ray diffractometer (Rigaku, Rint2200V, CuKα radiation, 40 kV, 100 mA) equipped with a graphite monochromator. The in-plane spacing of the two-dimensional lattice of the films was determined using an X-ray diffractometer with different geometrical arrangements 23 (Bruker AXS, MXP-BX, CuKα radiation, 40 kV, 40 mA, an instrument specially made to order) and equipped with a parabolic graded multilayer mirror.
The X-rays were incident at an angle of 0.2°, and the films were slow scanned at a speed of 0.05°/80 s; thus, in-plane XRD measurements were carried out at a monomolecular resolution.
RESULTS AND DISCUSSION
Estimation of fine structure for 3C18-PMTT.
Figure 2 shows SAXS and WAXD patterns and profiles of the 3C18-PMTT.
The profile pf 3C18-PMTT monolayer having a longer alkyl side-chain indicate sharp peaks at 2θ = 2.7°, 5.1°, and 21.3° (d 001 = 33.5 Å, d 002 = 17.5 Å, and d 100 = 4.2 Å, respectively), from which the side-chain crystalline structure of 3C18-PMTT is determined to correspond to formation of a hexagonal sub-cell. This structure is similar to that observed in conventional comb polymers. 23, 24 The WAXD profile of 3C18-PMTT shows a spacing of 33.5 Å, which is much smaller than the calculated value. Therefore, the side-chain of 3C18-PMTT forms a highly tilted orientation, as shown in following Fig.  6(b) . Figure 3 shows the π-A isotherms of 3C18-PMTT on the surfaces of distilled water and the buffer solution containing Cd 2+ ions at 15 C. 3C18-PMTT forms a stable condensed monolayer in a single condensed state.
Monolayer behavior and surface morphology of 3C18-PMTT.
When metal ions existed in the subphase, significant changes were observed. On the subphase containing Cd 2+ ions, the monolayer exhibited a relatively low collapsed surface pressure, and the π-A isotherms were little expanded.
These changes occurred by cadmium ion scavenging (that is Cd-bridging polymerization) from buffer solution containing Cd 2+ ions. Figure 4 shows AFM images of Z-type poly-(3C18-PMTT) monolayers transferred onto a mica substrate at several transferring surface pressures. It si supposed that the poly(3C18-PMTT) monolayer is an assembly of circular domains of different sizes. At low-pressure region, existence of small domains is confirmed (Fig. 4(a) ).
With the conpression of monolayer, these circular nanodomains gradually aggregate to the giant domain at micrometer scales (Fig.  4(b) ) whereas domains in the corresponding monomer monolayer do not be assembled. After that, surface coverage of monolayer increased by aggregated domains (Fig. 4(c) ). In the high surface pressure region, quite flat and homogeneous surface morphologies were observed over the both mesoscopic and microscopic probing areas (Fig. 4(d) ). In order to interpret these phenomena, we (a) (b) describe the schematic models in Fig. 4(e) . From the results of inductively-coupled plasma mass spectrometry (ICP-MS), it is found that this monolayer stoichiometrically contains Cd 2+ ion on the -SH groups of poly-(3C18-PMTT) [nR-SH+n/2Cd 2+ → nR-S-Cd-S-nR+nH + ].
Molecular Arrangement of Organized Molecular Films of poly-(3C18-PMTT).
Out-of plane XRD and in-plane XRD profiles of poly-(3C18-PMTT) and 3C18-PMTT monomer LB multilayers formed on the buffer solution containing Cd 2+ ions and the distilled water surface are shown in Fig. 5 . These multilayers show a layer spacing of 52 Å along the c-axis (Fig. 5(A) ). Organized film shows the developed layer structures larger than spacing as that in the bulk state.
In-plane XRD measurements of these multilayers transferred by the LB methods indicate that all two-dimensional lattices of side-chains form a hexagonal packing at a lattice spacing of 4.2 Å. In the case of polymer multilayers, this (100) peak of hexagonal packing remarkable developed, which meant the formation of large crystallite sizes in monolayer.
In order to summarize these structural transition of 3C18-PMTT and corresponding polymer in bulk and two-dimensional films, we describe the schematic illustrations in Fig. 6 .
CONCLUSIONS
We investigated solid-state structure, monolayer behavior on the water surface, mesoscopic morphological formation on solid, and molecular arrangement of organized molecular films for amphiphilic compound with metal-scavenging property and their corresponding comb polymers by π-A isotherm, out-of plane and in-plane XRD, and AFM observation.
From the result of AFM observation, formation of flat and homogeneous surface morphology of polymer monolayer was confirmed. In the case of estimation of out-of plane and in-plane XRD, formation of highly order layer structures and hexagonal sub-cell are shown in the organize films of this 3-arm comb polymer. (e)
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